Trade-off, as the consequences of using the same resources, often occurs in the development of two or more business activities, e.g. between the supply chain of Indonesian furniture and crude-palm-oil (CPO) industries. The two industries use the land area to get supply of raw material. The furniture industries need wide area of forest to obtain an adequate wood supply while the CPO industries need wide land area to open new palm plantations. The previous research has identified the relationship of the two industries and the trade-off between them using a dynamic model approach. This research aims to modify the model and to propose some scenarios that may optimize the trade-off based on the previous results. We provide scenarios based on the development policy of Indonesian government. The scenarios are simulated using the modified of dynamic model. We obtain that the best scenario is scenario 3 which can optimize the trade-off between the supply chain of furniture and CPO industries in line with long term sustainable development. The scenario is set by increasing the productivity of palm plantations to change the pattern from extension into intensification by using robust palm plants.
Introduction
Indonesian industries, e.g. furniture and Crude-PalmOil (CPO) industries, have a very big contribution to the economy of Indonesia. The Indonesian furniture industry is the 12 th and the CPO industry is the 1 st in the world now (The Ministry of Industry Republic of Indonesia, 2008) . They grow because of the Indonesian wealth in natural resources. Forest provides woods and other raw materials for producing furniture, while palm plantations supply material for CPO industries.
According to the Directorate General of Estate Crops, Ministry of Agriculture Republic of Indonesia (2008) , CPO industry is an industry that provides a strategic product that are used as a substance of food (cooking oil) and as an alternative bio-fuel. The data shows that the amount of Indonesian CPO production increases during 1990s until 2000s. From the CPO production, 75% is for export and 25 % is for domestic consumption. Domestic demand is very high and tends to raise so that government has to make regulations to cope with this problem. CPO is the most traded vegetable oil in the world, capturing 40% of global trade. Palm oil, in majority (more than 84%), is produced in Southeast Asia. Indonesia provides almost 30% of world production and exports 60% of the annual CPO production.
The Indonesian export of furniture products are dominated by furniture products made from forest woods (75%) and the rest (25%) are made from cane and other raw materials. These give currency contribution up to 1.64% (Tambunan, 2006) . Therefore, furniture industries, generally called woods industry, are one of pre-eminent industries in Indonesia. Its development, however, were decreasing in the few years. Based on the data from Indonesia Statistics (2006) , in the last three years Indonesian wood products had a negative growth in the rate of -2.1 %, -1. 3 %, and -5.8 % in 2004, 2005, and 2006 , respectively. Export of Indonesian furniture products has been growing up to 1.79 billion dollar US or, in other words, the growth rate is up to 0.088 billion dollar US per year in the last eight years. In the same period, China, a country that has a relative tight policy in using the woods, could export furniture products up to 14 billion dollar US in 2005, and that the export rate has been growing up to 1.1 billion dollar US per year.
The decreasing number of furniture production, especially, is affected by the decrease of wood availability as the raw material, because of the destruction of Indonesian forest. The destruction of forest is due to various activities, one of them is the opening of palm plantation, which becomes the attention of the world. While, the production of CPO in Indonesia has been increasing in the few years and it is balanced with increasing width of palm plantation. The negative impact for the environment becomes more serious because the increase of palm plantation width affects to environment. One of those effects is deforestation because the enlargement of palm plantation takes place of forest area (Widodo et al., 2009a) . Widodo et al. (2009c) proposed a dynamic model for analyzing trade-off between the supply chain of furniture and CPO industries and for analyzing the interaction between them in exploiting forest resources by considering sustainable development. The research has identified the relationship of the two industries and the trade-off between them using a dynamic model approach. They, however, did not provide solution to deal with the impact of some condition for the trade-off. In this research, therefore, we propose scenarios to optimize trade-off between the two industries by modifying the dynamic model. We provide scenarios based on the development plans of the Indonesian Government. The scenarios are simulated using the modified dynamic model. Beamon (2008) proposed that global supply chain has entered new era in challenge and opportunities. Environment protection, energy availability, and population growth create pressure that has never happened before. Those challenges demand for supply chain ability to raise efficiency and effectiveness in providing goods and services. Environmental protection, gradually, becomes real issue for manufacturer in developing their product. The companies' support to green supply chain development is very important to increase the industries' performance (Lin et al., 2008) . Environmental issue has become an important global issue in recent years. The issue has been more appreciated since it is related with the increase of population and how industries affect environment. Industry needs to concern on environmental impact of business activities besides economic profit (Eltayeb et al., 2009) .
Literature Review
Some researches deal with furniture and CPO industries, however, they tend to consider primary on the profit from the perspective of operational management and see it as a single industry so that there is no trade-off occurs. Vickery et al. (1997) , proposed four factors which affect the competitive advantage of any furniture industry: inovation, flexibility, value and delivery. Robb et al. (2008) , focused their research on the relationships between operations and supply chain within operasional or financial performance of China furniture industry. Johar et al. (2003) and Rika and Machfud (2008) , provided a system analysis for CPO supply chain to improve its competitive advantage.
The concept of sustainable has been considered in the development of many activites, either in the economical or non-economical (non-profitable) activities. De Lara and Martinet (2009) discussed that sustainable resources management is a hard duty, as the impact of the dynamism, uncertainty, and various objectives (ecology, economic, dan social). Widodo et al. (2009c) proposed that the development of industries, especially agro-industries and forest-industries, needs more than just considering how to get the biggest profit. It should also concern with social and environmental aspects. These points of view are very important in order to develop sustainable industry.
Sustainable within the concept of supply chain becomes more interesting for practicioners and academicians (Bovea and Vidal, 2004; Linton et al., 2007; Ortiz et al., 2009; Widodo et al.,2009a; Widodo et al.,2009b; Widodo et al.,2009c and Widodo et al., 2009d) . In this case, dynamic model is a suitable tool for analyzing such a complex system. There are some papers illustrated the implementation of a dynamic model and a dynamic simulation (Lee et al., 2002; Min and Zhou, 2002; Terzi and Cavalieri, 2003; Fleisch and Tellkamp, 2005; Schwartz et al., 2006; Jammernegga and Reiner, 2007; Pierreval et al., 2007; Longo and Mirabelli, 2008 and Lau et al., 2008) . Min and Zhou (2002) provided how the development of modeling and simulation up to now, identify opportunity and challenge in supply chain modeling, and gave a guidance on how to be succeed in developing and applicating supply chain modeling. Boulanger and Bre´chet (2005) proposed how to measure up the strength and weakness of the model made by the decision maker related to the impact in sustainable development perspective. The two policies they measure up are the policies that related to energy problem and land usage related to transportation plan. Almost all these papers, however, are not interested in analyzing the integration or the trade-off between industries and considering the aspects of environment and social within the context of sustainable development.
Entities in the Furniture and CPO Supply Chain
Supply chain of furniture and CPO industries is described using the identification of the previous research (Widodo et al., 2009c (2008) reported that 40 % of the total product is allocated for domestic consumption.
b. Foreign industries
The export of CPO reached 350,000 tones and increased up to 9.6 million in 2004. India, China, Nederland and Singapore are the main market. The amount of export in 2008 was 60% of the total production.
Supply chain entities of furniture industry are defined below. 1. Furniture industries need forest woods to produce furniture products. Consumption of forest wood for furniture industries is up to 7 -7.5 million m 3 per years. But, in the couple of years, the woods had been imported. It keeps on increasing during the years. The type of forest woods used in this industry is log which is obtained from natural forest, conversion forest, industrial forest plantation, etc. 2. The forest wood then is used to produce furniture products at the center of furniture and craft industries in Java, Sumatra, Kalimantan and Sulawesi Islands. The forest wood is not just used as a raw material in furniture industry but also used for plywood, pulp, and other industries. It forces them to compete with each other to get the woods. Now, in Indonesia, there are 950 units of furniture industries and they consume 3.41 million m3 woods per year. 3. Most of the Indonesian furniture products are exported. The rest are sold for domestic markets in the amount of 31,939 m 3 annually.
Widodo : Sustainable Supply Chain Based Scenarios for Optimizing Trade-off Widodo et al. (2009c) proposed a dynamic model for analyzing trade-off between the supply chain of furniture and CPO industries and the interaction between them in exploiting forest resources by considering sustainable development. The research has identified the correlation between the supply chain of furniture and CPO industries in using land resources. The correlation and the trade-off between the two industries are described using causal loop as shown in Figure 1 . Furniture demand affects wood demand as an impact of the increase of production activity. This high demand also affects hewing activity. While in CPO industries, the increase of population contributes to the raise of CPO demand. In turn, the need of palm supply also grows. It may results in the opening new palm plantations. In causal loop, furniture and CPO industries are connected by the commonality in the contribution of production forest width. Both palm plantation opening and forest hewing affect the production forest width, and finally it will affect wood production and palm plantation width.
Model Development and Simulation

Initial Model
Dynamic Model Development and Validation
Causal loop in Figure 1 consists of elements of supply chain in the furniture and CPO industries which have a causal relationship. The relationship among the elements are positive (+) and negative (-). The positive means that if one element in the causal loop is improved it will increase another element, or if one element is decreased then another element is also decreased. On the other hand, the negative means that if one element is increased, it will decrease another element and vice versa. Based on the identification of supply chain entities of both industries and the relationships between them (in the causal loop), we formulate dynamic model by modifying the previous one (Widodo et al., 2009c) as illustrated in Figure 2 . The model consists of two independent submodels: furniture industry and CPO industry. These two sub-models are linked by their similarity to obtain raw material from the same land.
Furniture industries get woods from forest area while CPO industries need land to open new palm plantations. However, they do not need to open it if the existing palm plantations are sufficient to supply the demand. To open new plantations, the industries tend to open forest area. Therefore, there would be a trade-off between the two industries especially when they compete in deriving land area for supplying raw materials. Model in Figure 2 describes the trade-off for predicting the future condition and for illustrating the relationships between the sub-model and their behaviour.
Validation analysis has been carried out for both of the sub-models to check the logical relationship between elements using extreme condition and independent-sample t test method. Validation of furniture industries sub-model was analyzed using extreme condition method because the available data was not sufficient for statistic parametric analysis. The zero demand of furniture product was used as an extreme condition. By inputting 0 values to variable demand in the model, the income of furniture industries becomes 0 because there is no product available to sell. This result shows that the logical thinking used in furniture industries' sub model is valid.
We used independent-sample t test to analyze the validation of CPO industries' sub model because the time series data was available for using statistic parametric method. The test was applied to check the significance of different mean between actual data and simulation result. The amount of production in years 1990-2007 and the amount of the next 15 years simulation result were used as samples. The samples then were tested with validation analysis. The result shows that the variant of those samples is not different for the significance value is 0.48 (more than α = 0.05). We, therefore, conclude that the sub model of CPO industries is valid.
Simulation
Simulation using initial model
The simulation using initial model showed that there is a different demand pattern between furniture and CPO industries. Furniture demand tends to be uncertain but relatively constant because the consumption or the use period of these products is relatively long. The growing number of population does not affect the industry signicantly.
CPO demand, however, tends to raise significantly because of the increasing number of both domestic and foreign demand. In case of domestic demand, its growth is influenced primarily by the population growth. It happens because the main derivative of CPO is cooking oil which is a fast product consumption. Indonesian consumption of cooking oil is 9 kgs/ year and 13.5 kgs/year for CPO. In case of foreign demand, however, it is fluctuative.
Deforestation and the opening of new palm plantations become evidences of the impact of furniture and CPO industries activities. The simulation results showed that the need of palm plantations area is growing and that the demand of plantation lands is answered by deforestation. This condition would reduce the widht of production-forest. Other factor that may contribute to the problem is forestry ilegal activities such as forest resources exploration. As a result, within the initial condition, productionforest will still available until the next 17 years while the width of palm plantation is still growing.
From other perspective, the opening of new palm plantation would provide many job opportunities. Now, there are 6 million ha plantations, with 1 labor per ha. Hence, there are 6 million labors are absorbed. The increase of the plantation width, therefore, gives a positive impact and linear to the absorption of labor.
Simulation using scenarios
We propose scenarios to be applied in the model for selecting the best scenario for optimizing the tradeoff between furniture and CPO industries based on strategies and policies of the Government of the Republic of Indonesia (Road Map of Forestry There are 3 scenarios, scenario 1 and 2 are based on sub-model of furniture industry while scenario 3 is based on sub-model of CPO industry as described in Table 1 .
Simulation Results and Analysis
Trade-off between palm plantation and production forest width development
The relationships between opening the new palm plantations and CPO industry development is important to be considered because it may critical to 
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Widodo : Sustainable Supply Chain Based Scenarios for Optimizing Trade-off the availability of production forest existence. Production forest protects environmental condition and guarantees the existence and continuity of furniture industry and the other forestry industries as well. A distinctive difference appears in the land needed by the two industries. The CPO needs larger land area to get raw material supply than the furniture.
The trade-off that may occur in furniture and CPO industries development is between forest production existence and the growth of palm plantation width. Using the formulated scenarios, we can find the influence to the trade-off. Figure 3 shows the trade-off changes along with the application of the scenarios. In scenario 1, the improvement of forest management to increase raw material supply for industry may reduce the decrease rate of natural production forest so it can exist up to the next 22 years. Availability of wood supply for industry will reduce the demand of illegal wood so that uncontrolled hewing could be minimized. On the other hand, however, the development of palm plantation boosts because there are available land to open new palm plantations.
The increase of production capacity of furniture industry as formulated in scenario 2 contributes to the decrease of forest area if it does not followed by the improvement in forest management. The availability of forest area gives possibility to the increase of palm plantations area. Figure 3 shows that some values drop (for existing condition, scenario 1 and scenario 2) to a negative level. Negative value means that Indonesian does not have production forest anymore and should get the woods from other kinds of forest. Figure 3 also shows condition in the next 15 years in which production forest would be lost and at that time there is no increasing of palm plantation width.
The application of scenario 3 makes palm plantation development becomes less fast. It is because the land needed for palm plantation become smaller, as shown in Figure 3 . By applying scenario 3, land area that need to be extended for palm plantation becomes smaller than the area in the existing condition as well as the area in scenarios 1 and 2. It affects the percentage of utilization of production forest area for palm plantation. This condition is described by the slope of curves of each scenario. Graphically, the slope of scenario 1 is the smallest among the others. It means that the development of palm plantation and the decrease of forest width in scenario 1 is the smallest among the others. The width of production forest is still sufficient, almost half of current condition untill the next 30 years. It differs from the availability of production forest in the existing condition and in the other scenarios, where production forest keeps on decreasing on the next 15-20 years. From these, we found that the decrease of production forest because of the shifting function into palm plantation may influence forest width's protection.
The decreasing rate of production forest is shown Widodo : Sustainable Supply Chain Based Scenarios for Optimizing Trade-off of the production forest width. The fastest is scenario 2, and then followed by the existing condition, scenario 1, and scenario 3. Since the 7 th year, however, there is a shift on the sequence between scenario 2 and existing condition so that α 0 < α 2 < α 1 < α 3 . On the other hand, the increasing rate of palm Figure 3 shows that graphically we obtained β 2 < β 0 < β 3 < β
1
. It illustrates the sequence of the increasing rate of palm plantation width, where the fastest is scenario 2, and followed by existing condition, scenario 3, and scenario 1. Starting from the 6 th year, however, the sequence is changed and it becomes β 0 < β 2 < β 1 < β
3
. During the simulation, the increase of palm plantation in scenario 1 is the most constant than the others, so at the end of period, the sequence becomes β 1 < β 0 < β 2 < β 3 . To control deforestation, developing a better forest management to guarantee the raw material supply for industry (scenario 1) and increasing palm plantation productivity (scenario 3), as shown by Figure 4 , are essential. Some values (at year 25, 26, 29 and 30) drop into a negative level by applying scenario 1. Negative value means that deforestation would not be done anymore and the forest area would be increasing.
Industry revenue
Economic aspect generally becomes the main reference to review the development and the performance of industry. Economic aspect can be perceived from many sides. In this research, economic aspect is perceived as industry's income or revenue obtained from the furniture product sales.
It is difficult to observe the information of each scenario behavior based on the curve, because the curve does not show the specific pattern clearly. Hence, the increase or the improvement of industry revenue can be seen from the curve gradient. Figure 5a shows that CPO industry revenue in the existing condition and in scenario 3 tends to raise with gradient 9×10 6 and 3×10 6 , respectively, while in scenario 1 and scenario 2 the industry revenue tends to decrease with gradient 9×10 6 and 1×10 6 , respectively. In furniture industry, the improvement of raw material supply management and the increase of production capacity do not give significant contribution to the industry's revenue. It may occur because of the undeveloped market condition or consumer. Within almost all of the scenarios, furniture industry revenue is decreasing, except for scenario 1 in which the revenue slightly increase. The decrease of furniture industry revenue can be seen from the curve gradient of Figure 5b . The gradient of existing condition, scenario 3, and scenario 2 are 3×10 6 , 4×10 6 , and 4×10 6 , respectively. Meanwhile, scenario 1 is 23,660, which is relatively constant.
Labor absorption
The development of palm plantations affects labor absorption as shown in Figure 6 . We found that the biggest labor absorption occurs in scenario 1 with gradient 1×10
6 . This is bigger than the current condition in which the gradient is 8.6×10 4 . As the increase of palm plantation productivity in scenario 3 with the gradient is 5.98×10 3 , labor absorption in this scenario is the smallest among the others.
The increasing rate of labor absorption in palm plantation from year 10 to 30 is shown in the Table 2 .
From Table 2 , we found that the biggest rate of labor absorption from year 10 to 30 can be achieved if we implement scenario 1. It is because the Widodo : Sustainable Supply Chain Based Scenarios for Optimizing Trade-off production forest area. The availability of wood supply can reduce illegal wood demand as one of the factors which contributes to deforestation.
From the simulation of the scenarios using the modified dynamic model, we found scenario 3 as the best one. This scenario can optimize the tradeoff between the supply chain of furniture and CPO industries in line with long term sustainable development. The scenario is set by increasing the productivity of palm plantations to change the pattern from extension to intensification by using robust palm plants.
In future research, we can consider more parameters for elaborating the 3 aspects in sustainable supply chain perspective in a more detailed way. The scope can be expanded, not only furniture and CPO industries but also other forest industries. increasing rate of palm plantation width in scenario 1 is higher than those of the existing condition, scenario 2 and scenario 3. The rate of labor absorption is linier to the increasing rate of palm plantation width.
The lowest rate of labor absorption in period 10-20 is obtained within existing condition. It occurs because the increasing rate of palm plantation width in the existing condition is smaller than within scenario 1, 2, and 3. In years 20-30, however, the lowest rate of labor absorption is found in scenario 2 because in this period the increasing rate of palm plantation width is the smallest.
Conclusion and Future Research
The productivity of increasing palm plantations affects the optimization of the trade-off between the supply chain of furniture and CPO industries. It may decrease the conversion of natural production forest to palm plantation by reducing the rate of forest deforestation. On the other hand, however, the need of opening new palm plantations will decrease so that labor absorption at the plantation will also decrease.
A good forest management which guarantees the availability of wood as a raw material for industries may contribute to prevent the decrease of 
